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The problem of this investiveation was to determine the effects 
of surface roughness and surface stressing on thea reversed osonding 
fatigue properties of 25 Sef, 75 Se? and 76 SeT slwainum alloys. 

Tests wers conductsd in a stress reanze from 57,700 psi. to that 
stress giving a faticue life of 500,000,000 c:cles 

Surface roughness was varied from five mioroinches to 400 microe 
inches, Two different machining tools were used to obtain the verious 
derroes of surface roughness: 1/8" radius tool, end a snarp pointed 
tool, 

Surface stressing was obtained by shot peening with 03028 dianeter 
shot at .010/,012 fe2 intensity, and cold rollins at 100 lbs. and 200 lbs, 
pressure. 

It was determined that faticsue life decreased as surface roushnoss 
Peabweed 1h a similar manner for spesimens mechined with both typos 
of tool; but that endurance Limit wes not arfectod 6; the sharp tool, 
whereas it was decreased by the 1/8" radius tool. 

Shot peening increased fatigue life of 25 Sef by about 500%; it 
had but slizht effect on 76 Sei, 

Cold rolling increased fatigue life of 25 S-T and 76 ST by about 2500; 

75 ST was noither shot peened nor cold rolled. 

This work was carried out by ss at the Gugsenheim /sroe 


nautical Laboratory, California Institute of Teohnolory wider the 


supervision of br. E. =, Sechler. 
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sé IAPROLECTION 


Qn the precediny pages, Fig. led, one can reudily seo the 
importance and danger of fatisue failures, ‘hs installation 
shown is part of the Cooperative ‘.ind Tunnel, Pasedena, California, 
These figures show the danese efter faticue failure of one of the 
propeller »DSledes during operation. The resultins damare a mounted 
to about $270,000 in matorial, not includins valuable resesroh “ine 
end money lost while repairs wers maces 

This is only one example cf many such faiiures which ocour 
throurhout industry; in the aircraft industry, especially, fatigue 
is of primary, concern where the lishtest possible parte must be 
made to gitain the necessary nedulbondirt of low cost and high pere 
formance, 

It is interestinz to nete here a statement of A, G. Pugeley in 
Ref. 1 tc the effact that while the Metallurzical Science ia vivian 
us stronger and stronger alloys, there is little or no change in 
fatisue strength of these alleys, Therefore, it behooves the desi-ner 
to pay careful attention indgad to the problem of vibration in his 
structure and the faticue strensth of the material with which he is 
workin;. 

One very important consideration in fatigue studies is surface 
finish, and much research hes Seen conducted on the effects of surface 
notches on fatizve strencth, I1t was discovered that the propeller, 
Fig. 1., which was fabricseted from 25 SeT aluminum alloy, failed at a 
feLlet having a surface rouchness of * 100 microinches. 

The necessity for more fatigue dats on eircraft materials at once 


pecame anrparent, sspscially with rercard to the effects of various 


machining tools and finishing techniquss. 

This report is thus mm attempt to furnish eircraft designers 
with additional fatizue stroneth data on 25 SeT, 75 Sef, and 76 S=T 
aluminum alloys, with oerticuler emphasis on thy effects of «) various 
machine surface finishes, b) shot peening, and o) cold rolling. 

The investigation was conducted b: the author in the Cuzrenhein 
Aeronautioal Laboratory, California Institute of Teohnolovy, Pasadena 
California under the sunervision of Dr, E. 5, Sechler durins the 


period October 1948 to May 1949, 


fll test spocimens wore fapricated dn tis GiLCIT machine shop 
eccorcins to the stardard ROR. JUoRE Opecifications in Ref, 2. 


“ 


The verious sarface finishes were machinad as Psllows: 


FEaD = [80R08/REVOLUTION 


1/8" Radius Tool Sharp Tool 


a 


25 Sef 75 S-T 76 SeT | 25 = 75 SeT 76 Sef 

5 4 90,0016 0.0015 0.0015 Fines* 

60 4 0.0160 0.0145 0.2026 0.0028 

100 / 0.9249 0.0210 0.0030 0.0046 
200 / 04.0420 0.0052 


0.0076 


400 4H 0.0740 


Penis site 600 Durite sbrasive and levigated alumina 
followed ths machining of 54 specimens. 

A” refers to surface rourhness in microinches, The surface 
roushness of the specimens was checked in » Physicists Research Co, 
prefilometor, fps &, Model 1, Serial ¥o. 141, 

The shot pzening was done by Douplas Airereft Co., with 0-028 

iameter shot at 0,010/0,012 A 2 intonsity. 

in order to study the effects of surface rolling, a rolling 
device was Cesifned by tne author; it was built by the GALCIT machine 
shop and edapted to a Pratt end whitney 15” Lathe, Model &, Serial 
No. 115 RB. See Figs. 6 and 7, Rolling pressures vsed were 100 
end 200 los, at 020012 /revolution feed, 4 constant prossure was 
mainteainod by the operator by maintainins a constant sprinz deflece 


tion as the rollers precressed slong the test specimen, ‘Sample 


- 


Calculations”, section V_, show conputetions involved in construction 
and use of this apparetus, 

The specimens tnus treated were 25 Sei end 76 SeT, mechined 
and polished to 54 . Xinimm diameters of these specimens were 
checked after rollinc, srd the final diametgr wes used in stress 
Computations, 

25 SeT specimens were mede from remnants of the forrins fram 
which the pro-eller blade (Fis. 1) hed been meade, This for-ing came 
from the Chevrolet Transmissior. Co, end hed the following propertiea: 

Yield Stren-th 40050 psi 
Vit, Stren-th 60090 vsi 
Blon-ation (27) 16.75% 

Pieces cut elonrc the loner dimension of the forcin- were termed 
“wich grain’, those cut slonr the short dimension xere termed “cross 
grain", 

75 Sef specimens came from ‘looa 75 S-T6 rod, 5/3" x 12 ft, end 
thus were ell "with orsin”,. 


76 Se? specimens were otteined fron rratt and Whitney test pieces, 


The atanderc preperties from A.A.S. seecifiertions (naff. 3) of 


» 75 Cet anc 76 Cet are listec belor: 


25 S=f 75 Saf 76 Sef 
Tield Straneth 80000 ssi 72000 psi 60090 psi 
Vit. Strencth 55009 osi 80000 psi 7OO00 psi 


Elonzatien (2") 167 TS 14% 


Specimens were placed in un opticel -ssr tooth comparator end 
mensurements were mode of the major surfrce irrsaculerities. Figs. 
8 and 9 show the profiles at 100 diameters, corizontel measurements 
sre orest to crest; vertical mersurements sre crest to valley. ‘veraze 


values of these measurements follow: 


1/3" Radius Tool Sharp Tool 
Verticel Horizental Vartical Horizontal 
5 AW Q 0 0 0 
50 OY 0.0005 0.01480 0.9003 0.9037 
1399 0.00065 0.02410 90,0007 O,002389 
200 Uf 0.0095 0.08285 0.5908 0.0054 
400 M 0.00450 0,95000 C.95140 = 0. WZ0 


From these photozrerhs it wes estimetac that the “sharp” tool 
used had a diameter at the tly of ebout 0.9005 inches, 


ae ee ane ¢ - fae 
- ~ 


Tosets were mace in a set of four BALLOON - SUTRA 


mY 


KeRe /OORM 
FATIGUG TUSTLIG MACHINES, Serial Nos, 265, 268, 270, end 271, running 
at a nominal speed of 10000 ron. Fig. 10, ‘the loads veried from 
50 lbs, dowmwerd until « load siving fatisue life of 500,000,909 
cycles wes reached, “ll specimens wore run to destruction with minor 
exceotions in the ranze sbove 100,090,000 cycles wnen it wes felt 
thet more information could be obteainsd |.’ stopping and usin: the 
machine involved for other specimens, 
From the data thus obtained stendard 0 -N ourves wore plotted, 
The possible sources of inaccuracias or deviations from constent 


results are es follovs: 


a) Vibration of rotatine parte. 


* lng 


b) 


3) 


ad) 
a) 
f) 


= )..J0 


Reating of specimen cule to ~' vretion and friction. 
Unavoidabie impacts on specimen during losdir:+ len? lust 
“me by hands 

Lag between loadins: and cycle counter settinz, 
Veriation in machining, 


Nonehomopeneit:, of metal. 


III, R SULYS so) DISCUSSION 


Of utmost importance in the analysis or use of favizus data, 
such as Jeli curves, is tha fact that for ons metal no definite 
G-#i curve con bo obteulneds instoead, an ares, or uprer and lower 
bound, containing the fatisue pro:erties is cstained, ‘tho possible 
errors outlined in ths Introduotion sive adequate reasons for this 
situation. It is, therefore, @ problom for the dasisner to take lato 
account this possible variation in fetirzus life of ea matel at a given 
load, 

The results of these tests nave been plotted in Fics, ll throush 
22 from test data obteinecd. On the fisures wheres actual tests points 
ere plotted, a dashed curve has been drewni tc indicate tho aversre 
J =X line, The actuel spread in the detn can be seon from these 
figures. Cn figures whers a group cf solic ourves aprears, the 
solid curves are replots of the dashed curves cf averare values, All 
test dete has been plotted, 

Figures ll, 12, 15, 14,/§@end 21 show all tests of 25 Sei; Fig, 15 
shows 75 SeT; Fis. 16, 17, and 22 show 76 S-T, ‘the remainins curves 


Firs. . 19, and 20 are comparisons of the three metals tested, 


oS 
tc ry 
ee. 

yy 


Re @Peorel 8S S-) Okhinibed feiri: u,iforu fatiru.® proneri-es, 
WOGC Weeci..2:..5 broke nr tre csnter cf the tigt lew-th with e brpelk 
perre@udiculdr to tue axial eoutg: lint, & ty>ie-+l freetare ie ehaer 
SP 1g. 06 

Pie Bidurence lisit for 25 S=F appeers to ba chovt 18,990 psi, 
based on & life of 590,000,905 cyelse, “his errees with specifications, 

From Fig, 1lA it can be seen that increesinrg roushness fran 5 y r0 
4004 on specimens machined with the 1/8" Redius tool end cut ‘with 
grein’ decreased the enduronce limit from ebort 18,900 psi. tc somee 
thing uncer 10,000 vsi, This result wes to be expected. 

However, when 25 Se! "with prain" wes machinec vith a sharp tool 
an entirely different result was obtained as shown by Fie, le*%., In 

' . 
this case, increasing roughness decroased faticue life in the hizh 
stress range but hac very little effect on ordurance Linit; a value of 
about 18,000 psi. held for all surlvace rouchness, 

/ similar result was obtained from 25 SeT "cross zrain” tests 
Lllustrated in Figs. 15 and 14. The 1/3" Kk. fool arain produced a 
decrenss in endurance limit while the sharp tool had little effoct, 

& very interesting rosult wes outeined from the tests on 25 SeT, 
“gross =rain” sharp tool, Sse Fic. 144, No attempt was made to draw 
curves since all dita fell in one bond, Apparsntly the eff ct ot the 
erain apetich comtberbalanced the effect of surface finish, 


Fic. 143 gives a comparison of 26 Sef, 54, in the four sonditions 


tested, 


Tesis off T ST atm? om 48 With Boece & machined #ith + clgerp 
tool only. is metal pre-e vory wiiform results with little scatter 
ir the de'’@, see Fics, 15. Ag in the caee of 25 CHT siniilarl- sactined, 


y 


Gil curvés comvér=éd cu em encuren@e limit of "abou 16,990 cea, 


©. 
Fractures were ~ot es revuler as thoso of 25 S@7, Sem Fic, 23, In 


75 Get hed about three times the fatirna lifes 


3 : 
ta® upper Strtrs rauce f 


el 25 Sea, 0c cbovt oma Bra cuss? times thet of 75 ST, Por 


comparison see Fir. 23. 


76 SaT 

Whereas 25 SeT and 75 Sef broks with fairly clean fractures, 

76 S17 had @ comparatively spectacular rupture, fhe breaks were very 
irregular, large pleces were thrown off the specimen, and there was an 
accompanyine loud noise when rupture occurred, Fir. 25 shows a typical 
fracture, 

The results of tests on 76 SeT machined with 1/8" Radius Tool 
showed fsirly consistent values, See Fig, 16, 1% is felt that the 
50 L curve will converge at higher values of "i", Time prevented 
further investigation, 

The endurance limit for 76 S-T machined with 1/8" Radius Tool 
@ppears to be betweon 19,000 psi. and 20,000 psi., or roughly 10% 
higher than 25 SeT and 75 ST, 

As oan be seen in Fics. 17, mechinins 76 ST with ea sharp tool 
produced rather irrerular results, wowever, there was noted e sharp 


rise in the endurance limit to a value of atout 24,000 psi, This 


reprogents ful 


-- -o & 
J G yeeec { OY 25 oe T aid wo eT. 


Fig. 2) Goes tMie graphically, 


Despite its irrerulerities 76 Sel, Sirrp tool, gava higher 


featitue etroncc. then 
¢ 
range. cCse fF 


bee 


a Lite 


75 SeT, 1/8" Radius Tool, throuchuut the antire 


1097 37 


~15- 


Smiter si G 


Ti has lois Veen kncvn thet com:ression of the outer fibers of  ° “ 
a structural member would increase its fetisue strength in reversed 
pending, Shot-peening seems to be about ths simpiesi way cf accome 
plishing this effect, 

25 Se? 5M "with grain” specimens responded reedil: to shoteneenin, 
with results as shown in Fir, 21, The increase in fnticne life in the 
hich stress range was ebout 500%, altnouch the endurence Limit may 
not have been chenmsd; an insufficient nunber of specimens were tested 
to determing this, 

Shot-pseninz of 76 SeT spscimens was carried out at the sene 
intensity as that used on <5 ST, However, there was no improvement 
in faticue life over the unstressed 76 S-T. See Fir, 22, The inoreased 
surface roughness caussd by shotepeening anparontly offset any improv3e 


ment in fetigue life dus to surface stressin;:. 


COLD ROLLING 

The increased fatifue strencth due to surfsece rolling wee even 
more pronounced than that due to shot-peening. See Figs, 18, 21, and 
22, For 25 ST rolled at 100 lbs. pressure the increase over untreated 
specimens amounted to 2500% in the hich strese rence, It was not 
determined what the effoct was on endurance limit, 

A pressure of 100 lbs. wes cdecicodl: moro efi-ctive than 200 lds, 
It i9 felt that 100 lbs. is about the optimum pressure for 25 SeT, for 
the roller design indiceted in “Sample Calculations”, Seotion Vi. 

Vhen 76 Sel was rolled st 100 los, a similar improvoment wes 


noted in fatisue life, See Fis. 22, This amountec to about 3000% 


-16 


streste roe. 

=-ests of coli rolled specimen@ not oniy showed prestor improre- 
ment in fatigue life than did those of shot peenec picces, hut also 
producec more uriform results. Furthermore, the deesifn of rollin: 
devices is not difficult. Therefore it would seem advisable to use 


cold rolling whenever tne shepe of the part lends itself to this 


method of surface stressing. 


OV IME © ENG 


fn ettempt was meco to ceaterrine She of acts of “over-s' rest ing” 
cn fGtieme strength, Gir. LIB indices Ghia. Tete foecibers c7 
2h S-E se > © Push FReingrery ron ct Pe,0°00 ssinew me Ago? aes, 
respectivels for 0,900 evclss, Both scecinens were then run to 
dagtrweticr ef 25,900 pai. The tote! numbem of cmcles itil feller 
occurred broveht thé points onto the norgel curve yell vithin the 
scatter ound. 

These results, while not conclusive, precluded further investe 
igation along this line. 


They furthermore co not substantiate s.iner's Ccouation: 


w+ Bet ee =f Ref, 5 
z, = 
UNDUERSTRISSING 


Several specimens which hed been run at a low stress for a 
large number of cycles ware re-run at a hicsner stress, The dats 
thus obdteined was plotted end found to lie well within the seetter 
bend for the particvler meterial enc test condition, These particular 


specimens are as follows: 


eC et Metal bize 
iz, 12a 25 S#7 ll i 
10, ii 25 SeT Pie 
13, 13a 25 Sel ieee 
3,5 76 SeT 16 3 


en 


-18.. 


sherg was no indication 7) * ‘he cveles et a low stress ned eny 


=e 


efréct on fetiewe life at & hi-sher stress, Ir other words 25 $-T 


and 76 S-T were not susceptible to "conxin,:", nor was trare ony 


\ 


(Ligases damage notec d.s to low strees operntion., This is iurther 


oy 


refutrtion of Winer's guetior, 
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B2che Gt: i/o" r- 080 148] seyeral> rec 
bie, OG BS Wk St rlecter series 16 iverecsed, 

Mechindig OF SeT with e sherpvended trol ciyes effacts per-= 
e@llel to those obtsined with 1/8" redius tool until a stress 
of about 20,000 psi. is resoched, The endurence limit remains 
at 16,000 psi. for all surface conditions coisined .i'h the 
Sharp tool, 

Shot-peoning of 25 Sef with .01)/,012 Ae2 intensity increases 
fatigue life about 500); in the stress ranse between 49,000 psi. 
and 20,000 psi. 

Cold rolling of 25 Sef at 1009 lbs. increxsss fatigue life 


Seti, @nd 


a 


about 2500% in the stress range between 40,090 
25,000 psi. 

The enduresnce limit of 75 S-T is esout 18,000 psi, 

75 SeT machined with a sharp or Aas avout four times the 
fatigue strersth of 25 S-T, similarly machined, in the high 
stress ranze; out it has the same endurance linit, 19,9500 psi. 
76 Sef has a faticue strength between 75 SeT end 25 ce? in 
the hich stress ranres but it has a higher ondurance Limit: 


19,000 - 20,000 pai. for 1/8" bk. fool, 


a3 


%,009 osi, tcr wharp 
tool, 


she effeot of snotepesening 75 SeT with .OlJ,/.ci2 -. 2 intensity 


wes nocglivi.le, 


10) Cold rolling 76 $-T at 100 lbs. increcsed fatinue live 


Mbout SAIOZ in the haigk sirsws range: 


~ 


It is recommsnded that future tests with thoss machines be 


conduct:d with the machines mounted on incividuel stands and in 


cusnioned mountincs, the present seteuo allows vibrations frcem one 


4 


mechine to be transmitted to ell the others, 


it 4s further recomended that more teste be conducted as follows: 


1) 
2) 
3) 


4) 


5) 


75 Sef machined with 1/8" radius tool, 

76 SeT shot peensd and cold rolled, 

Cunplete 25 S-T and 76 Sef shot peened and cold rolled to 
determine effsot on erdurance limit, 

Vary intensity of shot peening and rolling pressures to 
determine optimum velues for each metal, 

Further investirate the effects of understressinz and 


overstressinzg on Setisue life, 


l. 


Se 
4. 
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“Sehaviour of Structures under Repeated Loads", Pugsley, A, G., .* 
JoReAsSe, Vol. Gl. 120. 

"Matals Handbook”, 1948, p. 120, Fig. 3a. 

"*eroneutical Weterial Specificetions”, 41302, 4137, 4154C, 

Je Apl. Mech. Vol. 57, June 1935, p. 4 6971, 

“Experimental Verification of Cumulative Faticue Dameze", Miner, Me Ae 


Auto, and Aviation Ind. Vol. 93, Dec. 1, 1945. 


VI. SAePLe CALCULALLONS 


l, Stress Crlculetions 





gv = oe DeSele ad = O05 
W=10 los. (fre)+ fected vairnt 
= T5A peSele L= 4” 
2. Dasign of Rolling Device: (See Ref. 4.) 
Rollers: Specimen | 
ARs As 2 ON OIE 
Aas = O8SS Asedy7s 
fet oes tore toe 


=1T,65 + 3 + Geee + Ofte2 
= 11.01 


R= 0,0909" 


this value of R allows the use of the Boussinesq Formula; 


ae 72 2v = a Yt PeSele 
t=g> [t+ . 


"Oo 


= Force 1bs, 


= Vepth of penetration - inches 


Zz 
ve 


‘} 


Poisson's Retio 


DAY » 
Z2= 4 radius of specimen 


=~ +%0,15 = 00375 


P= 872 T .. 8H {0,375)°T= 0.000% 
ao ev Se 


25 SeT 75 Sef 76 Sef 
Yt 30 ,000 66,000 60,000 
oe 15,000 33,000 39,000 
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81 178 lod 
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F1G.6. ROLLING OEVICE 





FIG. 7 ROLLING DEVICE AS USED 
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